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Technical Field 

The present invention relates to apparatus and methods for introducing a needle into a 
body. More particularly, the invention relates to apparatus and methods for introducing a needle 
into a body in a particular orientation and in a stable manner. 

10 Background Information 

Many medical procedures are undertaken through small tracts formed within a patient's 
tissue. These procedures are minimally invasive. In order to form the tract running from outside 
of the patient to a target within the patient, a probe typically is inserted in the initial stages of a 
procedure. This probe will run from the surface of the patient's skin to the target Later in the 
15 procedure, this initial insertion can be enlarged to accommodate other medical devices necessary 
for the procedure. 

Typically, inserting the probe is a time-consuming procedure. The probe must be 
positioned properly, typically under the guidance of an energy emitting medical device, such as 
an x-ray emitting device. X-ray energy passes through the patient's body and differentially 
20 impinges on a fluoroscope screen, exciting fluorescent material, such as calcium tungstate, to 
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create a screen display of the body and probe. The probe is visualized on the fluoroscope as it 
enters the patient on the display of the medical device. This probe can appear on the screen 
because it does not allow the energy to pass through it (i.e., it can be opaque). 

Summary of the Invention 

5 The present invention allows for the positioning and insertion of a probe, such as a 

needle, into a patient. A medical professional manipulates devices according to the invention 
such that a properly aligned device will properly align an entry needle with a target in the 
patient's body. Some of the advantages of these devices include shortening the length of a 
procedure, allowing for a more precise positioning of an entry needle which can, for example, 

10 reduce trauma to tissue, and stabilizing the entry needle during placement. Specific 
embodiments can have these and other advantages described below. 

In one aspect of the invention, a needle guiding apparatus includes a base defining an 
opening extending therethrough; a guide assembly including at least one passage and being 
disposed within the opening; and an imaging sight disposed adjacent at least one passage. The 

15 guide assembly is rotatable about at least one axis 

This aspect or any of the other aspects of the invention can have any of the following 
features. The guide assembly can include a first transmission element between a first location 
within the opening and a second location remote therefrom. The first transmission element can 
be for transferring angular movement between the second location and the first location, and the 

20 movement at the first location can occur about a first one of the axes. The first transmission 
element can include a first pulley proximate the first location and disposed coaxially with the 
first axis of rotation and/or can further include a guide shaft defining at least a portion of the at 
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least one passage. Also, the first transmission element can include a belt for transferring angular 
movement between the first location and the second location and/or can include a control shaft 
connected to a second pulley proximate the second location. The needle guiding apparatus also 
can include a lock for preventing movement of the first transmission element. 

5 The guide assembly can include a second transmission element for transferring angular 

movement about a second one of the axes. The second transmission element can include an 
adjustment rod rotatable about the second axis extending through the adjustment rod. The 
imaging sight can include a radiopaque core of the adjustment rod. The imaging sight can 
include at least two parallel bars disposed within the adjustment rod. The needle guiding 

10 apparatus can include a lock for preventing movement of the adjustment rod. The first axis and 
the second axis can be substantially perpendicular. The imaging sight can include a radiopaque 
band disposed within the base. The guide assembly can include an adjustment rod. The 
adjustment rod can be rotatable about an axis extending through the adjustment rod and/or can be 
rotatable about an axis extending through the passage. 

15 The guide assembly can include a turret disposed within the opening. The turret can 

include an adjustment rod. The turret can be rotatable about an axis extendihg through the 
opening, and/or the adjustment rod can be rotatable about an axis extending through the 
adjustment rod. The guide assembly can include a guide needle. The guide assembly can 
include a ball and socket joint disposed within the base and can further include a guide shaft 

20 defining a portion of the passage and/or can further include a control arm connected to the guide 
assembly and/or can further include a second ball and socket joint connected to the control arm, 
thereby to replicate the movement of the second ball and socket joint at the guide assembly. The 
second joint can be capable of locking into a position. 
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The imaging sight can be disposed coaxially about at least one passage, and/or the 
imaging sight can include a ring, and/or the imaging sight can include at least one cross-hair. 
The imaging sight can include a material that is detectable with a fluoroscope, and the material 
that is detectable with a fluoroscope can include a radiopaque material. The guide assembly can 

5 include at least two of the passages, and the passages can be disposed at known angles relative to 
the base. The needle guiding apparatus can include at least one clamp for attaching the apparatus 
to a fixed surface. The guide assembly can be capable of locking into a position. At least two of 
the axes about which the guide assembly rotates can be substantially perpendicular 

The needle guiding apparatus can include an entry needle, the needle capable of inserting 

10 through the passage. Any entry needle can include radiopaque cross-hairs to aid with aligning a 
needle guiding apparatus and/or the entry needle. The entry needle can include a first assembly 
that includes a housing, a stylet extending into the housing and biased towards a distal end of the 
entry needle, and a hub adjacent the housing at a proximal end of the entry needle and in 
connection with the stylet, and the entry needle can include a second assembly that includes a 

15 cannula surrounding the stylet. The first assembly and the second assembly can seal together 
and can be separable. The hub can be movable from a first position to a second position, the hub 
in the first position indicating that the entry needle is impeded by a tissue and the hub in the 
second position indicating that the entry needle is not substantially impeded by the tissue. The 
stylet can include a blunt edge at its distal end, and/or the cannula can include an angled edge at 

20 its distal end, and/or the stylet can include an angled edge at its distal end, and/or the cannula can 
include a blunt edge at its distal end. The entry needle can include a connector connected with 
the cannula for attaching a medical device to the entry needle. 
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The entry needle can include an inner needle coaxially surrounded by a cannula having 
an outer wall defining a lumen. The cannula can have an opening in the outer wall proximate a 
distal end of the entry needle and a branch proximate a proximal end of the entry needle, the 
inner needle including a notch. The inner needle can be rotatable from a first position to a 
5 second position, the notched inner needle in the first position allowing communication between 
the opening and the branch and the notched inner needle in the second position preventing 
communication between the opening and the branch. The branch can be capable of attaching to 
a suction device. 

The entry needle can include an electromagnetic energy sensor. The entry needle can 
10 include a chemical sensor. The guide assembly can be constructed such that it does not protrude 
past at least one side of the base. 

In another aspect of the invention, a method for aiming a needle guiding apparatus 
includes the steps of providing a needle guiding apparatus that includes a base having an 
opening, a guide assembly defining at least one passage and disposed within the opening, the 
15 guide being rotatable about at least one axis, and an imaging sight disposed adjacent the at least 
one passage; aligning the imaging sight with at least a portion of a target, and with an energy 
source; and viewing the sight on a display. The providing step can include providing a needle 
guiding apparatus that includes an imaging sight that can be ring of radiopaque material, a bar of 
radiopaque material, a cross-hair of radiopaque material, cross-hairs of radiopaque material, 
20 perpendicular bars of radiopaque material, and/or a diamond shape of radiopaque material, and 
combinations thereof. The viewing step can include viewing the imaging sight on the display, 
the imaging sight appearing to surround at least the portion of the target and at least a portion of 
the guide assembly, thereby indicating proper alignment. The guide assembly can include a 
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guide shaft, and the viewing step can include viewing the imaging sight on the display, the 
imaging sight appearing to surround the guide shaft and at least the portion of the target, thereby 
indicating proper alignment. 

In another aspect of the invention, a needle guiding apparatus includes a base defining an 
5 opening extending therethrough; a guide assembly including a turret rotatably mounted in the 
opening and an adjustment rod rotatably mounted in the turret, the guide assembly including at 
least one passage therethrough; and an imaging sight disposed adjacent at least one passage. The 
turret can include a groove for interlocking with pins from the base, thereby to allow rotation of 
the turret within the base. Alternatively, the turret can be associated with the base using a 

10 friction fit, thereby to allow rotation of the turret within the base. The guide assembly can be 
constructed such that it does not protrude beyond at least one side of the base. 

In another aspect of the invention, a needle guiding apparatus includes a base including a 
socket; a guide assembly including at least one passage therethrough and including a ball 
articulable within the socket and a guide shaft proximate the ball; and an imaging sight disposed 

15 adjacent at least one passage. The needle guiding apparatus also can include a connecting rod in 
operable connection with the guide assembly and with a mechanism, the mechanism being 
remote from the guide assembly, thereby to replicate movements of the mechanism at the guide 
assembly. The mechanism can include a base assembly that includes a socket, a ball being 
articulable in the socket, and a shaft proximate the ball. The needle guiding apparatus also can 

20 include a lock, thereby to prevent movement of the guide assembly* The base can include an 
opening extending therethrough and the guide assembly can be disposed within the opening. 

In another aspect of the invention, a needle guiding apparatus includes a base, a dome, 
and a guide assembly that includes a stop and defines a passage, such that the guide assembly is 
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positionable at various locations through the dome and the guide assembly does not protrude 
beyond at least one surface of the base. The dome can include an imaging sight. 

In another aspect of the invention, a needle guiding apparatus includes a base defining an 
opening extending therethrough; a guide assembly including a turret rotatable within the 
5 opening, the turret defining at least two passages therethrough, the passages being at known 
angles of entry relative to the base; and an imaging sight adjacent at least one passage. 

In another aspect of the invention, a needle guiding apparatus includes a base defining an 
opening extending therethrough; a guide assembly including a guide needlQ including a passage 
therethrough, the guide needle being rotatable about an axis that extends through the base and is 

10 substantially perpendicular to the guide needle; and an imaging sight adjacent the passage. The 
needle guiding apparatus also can include at least one driving bar for inserting an entry needle 
through the passage and/or can include at least one bar guide for sliding at least one driving bar 
along a predetermined range of motion. The needle guiding apparatus also can include at least 
one driving bar for applying force to the guide assembly and/or include at least one bar guide, 

15 such that at least one driving bar is affixed to the at least one bar guide and that applied force is 
conveyed from the at least one driving bar to the guide assembly. 

In another aspect of the invention, a needle guiding apparatus includes a base defining an 
opening extending therethrough; a guide assembly including an adjustment rod rotatable about 
an axis extending through the adjustment rod and a guide needle extending through the 

20 adjustment rod and defining a passage extending therethrough; and an imaging sight adjacent the 
passage. The needle guiding apparatus also can include a lock for preventing movement of the 
alignment rod. The needle guiding apparatus also can include at least one driving bar associated 
with an entry needle for applying force to the entry needle, the entry needle passing through the 
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passage, and/or at least one bar guide for sliding at least one driving bar along a predetermined 
range of motion. The needle guiding apparatus also can include at least one driving bar for 
applying force to the guide assembly, and/or at least one bar guide, such that at least one driving 
bar is affixed to the at least one bar guide and that applied force is conveyed from the at least one 

5 driving bar to the guide assembly. 

In another aspect of the invention, an entry needle can include a first assembly that 
includes a housing, a stylet extending into the housing and biased towards a distal end of the 
entry needle, and a hub adjacent the housing at a proximal end of the entry needle and in 
connection with the stylet. The entry needle also can include a second assembly that includes a 

10 cannula surrounding the stylet. The first assembly and the second assembly can seal together 
and can be separable. The hub can be movable from a first position to a second position, the hub 
in the first position indicating that the entry needle is impeded by a tissue and the hub in the 
second position indicating that the entry needle is substantially unimpeded by the tissue. The 
stylet can include a blunt edge at its distal end, and/or the cannula can include an angled edge at 

15 its distal end, and/or the stylet can include an angled edge at its distal end, and/or the cannula can 
include a blunt edge at its distal end. The entry needle also can include a connector connected 
with the cannula for attaching a medical device to the entry needle. 

In another aspect of the invention, a needle guiding apparatus includes a position holding 
device; a needle disposed within and coaxially with the position holding device; a front aiming 

20 device proximate a distal end of the needle guiding apparatus and disposed coaxially about the 
needle; and a rear aiming device proximate a proximal end of the needle driving apparatus and 
disposed coaxially about the needle. The position holding device can include a needle. At least 
a portion of the position holding device can be radiopaque. At least a portion of the needle can 
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be radiopaque. At least a portion of the front aiming device can be radiopaque. The front aiming 
device can include a circular portion. At least a portion of the rear aiming device can be 
radiopaque. The rear aiming device can include at least one cross-hair. The needle guiding 
apparatus also can include a trigger for delivering the needle. The needle guiding apparatus also 

5 can include a cannula having an outer wall defining a lumen and being coaxially disposed about 
the needle. The cannula can have an opening in the outer wall proximate the distal end and a 
branch proximate the proximal end, and the needle can include a notch. The needle can be 
rotatable from a first position to a second position, the notched needle in the first position 
allowing communication between the opening and the branch and the notched needle in the 

10 second position preventing communication between the opening and the branch. The branch can 
be capable of attaching to a suction device. A cannula can include an electromagnetic energy 
sensor. A cannula can include a chemical sensor. 

In another aspect of the invention, a method of aiming a needle guiding apparatus 
includes the steps of providing a needle guiding apparatus that includes a position holding 

15 device, a needle disposed within and coaxially with the position holding device, a front aiming 
device proximate a distal end of the needle driving apparatus and disposed coaxially about the 
needle, and a rear aiming device proximate a proximal end of the needle driving apparatus and 
disposed coaxially about the needle; aligning a distal end of the needle with a target; aligning an 
energy source with an axis of the needle and the target; and aligning the distal end of the needle, 

20 the center of the front aiming device, and the center of the rear aiming device with the target. 
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Brief Description of the Drawings 

The invention, and exemplary embodiments according to the invention, are more 
particularly described in the following description, taken in conjunction with the accompanying 
drawings. 

In the drawings, like reference characters generally refer to the same parts throughout the 
different views. Also, the drawings are not necessarily to scale, emphasis instead generally 
being placed upon illustrating principles of the invention. 

FIG. 1 depicts a schematic side view of a device with a turret and an adjustment rod, 
according to the invention. 

FIG. 2 depicts a schematic exploded side view of the device of FIG. 1 . 

FIG. 3 depicts a schematic enlarged side view of the device of FIG. 1. 

FIG. 4 depicts a schematic top view of the device of FIG. 1. 

FIG. 5 depicts a schematic top view of the device of FIG. 1 . 

FIG. 6 A depicts a schematic top view of the device of FIG. 1 in relation to a patient's skin 
and a target. 

FIG. 6B depicts a schematic display screen view of an unaligned device of FIG. 1 . 
FIG. 6C depicts a schematic display screen view of a partially unaligned device of 

FIG. 1. 

FIG. 6D depicts a schematic display screen view of a properly aligned device of FIG. 1. 
FIG. 7 depicts a schematic top view of the device of FIG. 1 in relation to a patient's skin 
and a target, the device attached to a fixed surface. 
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FIG. 8 depicts a schematic side view of a device including a ball and socket joint and a 
movement duplicating mechanism, according to the invention. 

FIG. 9 depicts a schematic side view of the device of FIG. 8 in relation to a patient's skin 
and a target. 

5 FIG. 10 depicts a schematic top view of a domed device, according to the invention. 

FIG. 1 1 depicts a schematic side view of the embodiment of FIG. 10. 

FIG. 12 depicts a schematic top view of a device with a turret containing passages at 
known angles relative to a base, according to the invention. 

FIG. 13 depicts a schematic side view of the embodiment of FIG. 12. 
10 FIG. 14 depicts a schematic side view of the dome of the embodiment of FIG. 12. 

FIG. 15A depicts a schematic side view of a device with an adjustable guide needle, 
according to the invention. 

FIG. 1 5B depicts a top view of an entry needle in the embodiment of FIG. 1 5 A. 

FIG. 16 depicts a schematic cross-section taken through line A- A of the embodiment of 
15 FIG. 15A. 

FIG. 17 depicts a schematic representation of a screen display of the'embodiment of FIG. 
1 5A while the device is in use. 

FIG. 18A depicts a schematic side view of a device with an adjustment rod and a guide 
needle, according to the invention. 
20 FIG. 1 8B depicts a schematic cross-section taken through line B-B of the embodiment of 

FIG. 18A. 

FIG. 19A depicts a schematic top view of the embodiment of FIG. 18 A; 

FIG. 19B depicts a schematic partial side view of the embodiment of FIG. 19A. 



-12- 



FIG. 20 depicts a schematic top view of the embodiment of FIG. 18A relative to a 
patient's skin and a target. 

FIG. 21 depicts a schematic representation of a screen display of the embodiment of FIG. 
18A while the device is in use. 
5 FIG. 22 depicts a schematic side view of an entry needle in an "ofT position. 

FIG. 23 depicts a schematic side view of the embodiment of FIG. 22 in an "on" position. 

FIG. 24 depicts a schematic side view of an entry needle that senses electromagnetic 
radiation. 

FIG. 25 depicts a schematic side view of an entry needle that has a chemical reaction 

10 sensor. 

FIG. 26 depicts a schematic side view of a device for driving an entry needle. 
FIG. 27 depicts a schematic view through a cross-section of a sight along line A-A of the 
embodiment of FIG. 26. 

FIG. 28 depicts a schematic perspective view of a device having a trigger for driving an 
15 entry needle. 

FIG. 29 depicts a schematic perspective view of the device of FIG. 28 with an entry 
needle of FIG. 22. 

FIG. 30A depicts a schematic perspective view of the device of FIG. 28 with an entry 
needle of FIG. 24. 

20 FIG. 30B depicts a schematic view of a device to provide electromagnetic radiation to the 

device of FIG. 30A. 

FIG. 3 1 depicts a schematic side view of one embodiment of a needle guide apparatus 
and an embodiment of an entry needle in use. 
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FIG. 32 depicts a schematic top view of the needle guide apparatus of FIG. 31. 
FIG. 33 depicts a schematic side view of the needle guide apparatus of FIG. 31 without 
the entry needle. 

FIG. 34 depicts a schematic side view of the embodiment of FIG. 31 in use. 
5 FIG. 35 depicts a schematic end view of the embodiment of FIG. 3 1 in use. 

FIG. 36 depicts a highly schematic top view of the device of FIG. 3 1 in relation to a 
patient and a medical professional, and a schematic image display seen by the medical 
professional while positioning the device and/or components of the device in relation to a first 
axis. 

10 FIGS. 37A depicts a schematic view of a display in which a guide shaft of the 

embodiment of FIG, 31 is symmetric about a first axis. 

FIG; 37B depicts a schematic view of a display in which a guide shaft of the embodiment 
of FIG: 31 is not symmetric about a first axis. 

FIG. 37C depicts a schematic view of a display in which a guide shaft of the embodiment 
15 of FIG. 31 is symmetric about a first and second axis. 

FIG. 37D depicts a schematic view of a display in which a guide shaft of the embodiment 
of FIG. 3 1 is not symmetric about a first axis. 

FIG. 38 depicts a highly schematic top view of the device of FIG. 3 1 in relation to a 
patient and a medical professional, and a schematic image display seen by the medical 
20 professional while positioning the device and/or components of the device in relation to a second 
axis. 

FIG. 39A depicts a schematic view of a display in which a guide shaft of the embodiment 
of FIG. 31 is not symmetric about a second axis. 
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FIG. 39B depicts a schematic view of a display in which a guide shaft of the embodiment 
of FIG. 31 is symmetric about a first and second axis. 

FIG. 39C depicts a schematic view of a display in which a guide shaft of the embodiment 
of FIG. 31 is not symmetric about a second axis. 
5 FIG. 40A depicts a schematic end view of a slightly altered embodiment of the device of 

FIG. 31 with a guide shaft that is not aligned with a target. 

FIG. 40B depicts a schematic image display with the device of FIG. 40A in the position 
indicated in FIG. 4GA. 

FIG. 41 A depicts a schematic end view of a slightly altered embodiment of the device of 
10 FIG. 3 1 with a guide shaft that is aligned with a target. 

FIG. 41 B depicts a schematic image display with the device of FIG. 41 A in the position 
indicated in FIG. 41 A. 

FIG. 42A depicts a schematic sectional view of one embodiment of an entry needle with 
a blunt-edged stylet and an angled-edge cannula. 
15 FIG. 42B depicts a schematic sectional view of the embodiment of FIG. 42 A with the 

stylet pushed proximally. 

FIG.42C depicts a schematic sectional view of the embodiment of FIG. 42 A as the stylet 
is removed from the cannula. 

FIG. 43 A depicts a schematic sectional view of one embodiment of an entry needle with 
20 an angled-edge stylet and an blunt-edge cannula. 

FIG. 43B depicts a schematic sectional view of the embodiment of FIG. 43 A with the 
stylet pushed proximally. 
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FIG. 43C depicts a schematic sectional view of the embodiment of FIG. 43 A as the stylet 
is removed from the cannula. 

FIG. 44A depicts a schematic sectional view of the embodiment of FIG. 42 A as the entry 
needle enters a kidney. 

5 FIG. 44B depicts a schematic sectional view of the embodiment of FIG. 42 A as the entry 

needle enters a target calyx. 

FIG. 44C depicts a schematic sectional view of the embodiment of FIG. 42A as the stylet 
is removed from the cannula. 

FIG. 44D depicts a schematic sectional view of the embodiment of FIG. 42 A after the 
10 stylet is removed and the cannula with connector is left behind. 

FIG. 45 depicts a close-up a schematic sectional view, similar to that shown in FIG. 44A, 
of the embodiment of FIG. 42A as the entry needle enters a kidney. 

FIG. 46 depicts a schematic top view an embodiment similar to that of FIG. 3 1 having a 
slightly different control for guiding an entry needle. 
15 FIG. 47 depicts a schematic side view of the embodiment of FIG. 46. 

FIG. 48A depicts a schematic side view of a portion of a slightly altered embodiment of 
the device of FIG. 3 1 for use with an MRI device or a CAT-scan device. 

FIG. 48B depicts a schematic end view of a slightly altered embodiment of the device of 
FIG. 3 1 that is not aligned with a target and that is for use with an MRI device or a CAT-scan 
20 device. 

FIG. 48C depicts a schematic image display with the device of FIG. 48 A in the position 
indicated in FIG. 48B. 
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FIG. 49A depicts a schematic side view of a portion of a slightly altered embodiment of 
the device of FIG. 31 for use with an MRI device or a CAT-scan device. 

FIG. 49B depicts a schematic end view of a slightly altered embodiment of the device of 
FIG. 31 that is aligned with a target and that is for use with an MRI device or a CAT-scan 
device. 

FIG. 49C depicts a schematic image display with the device of FIG. 49A in the position 
indicated in FIG. 49B. 

FIG. 50 depicts a schematic image display of the device in FIG. 49A in the position 
indicated in FIG. 49B and with the image of a guide shaft shown. 

FIG. 51 A depicts a schematic top view of a slightly altered embodiment of the device of 
FIG. 31 for use with a magnetic resonance imaging device ("MRI device") or a computerized 
axial tomography scanning device ("CAT-scan device"). 

FIG. 51B depicts a schematic side view of the embodiment of FIG. 51 A. 

FIG. 5 1C depicts a schematic section view taken at a point where an alignment bar 
reaches an edge of a ring of the embodiment of FIG. 51 A. 

FIG. 5 ID depicts a schematic section view taken at a point where an alignment bar 
reaches an edge of a ring (on the opposite side of the ring from FIG. 51 C) of the embodiment of 
FIG. 51A. 

FIG. 5 IE depicts the embodiment of FIG. 51 A that is aligned with a target. 
FIG. 5 IF depicts a schematic image display of the embodiment of FIG. 51 A in the 
position shown in FIG. 5 IE. 
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Description 

Devices and methods according to the present invention allow a medical professional to 
accurately and rapidly place a probe, such as a needle, in a patient Some of these devices allow a 
medical professional to adjust the trajectory of an entry needle such that a target within the body is 

5 quickly located and the needle is rapidly inserted through a patient's tissue to the target area. For 
example, devices of the present invention allow medical professionals to gain easier, faster 
antegrade access during a percutaneous nephrolithotomy ("PCNL") procedure. While placement of 
the entry needle is described herein mainly as relating to a PCNL procedure, devices and methods 
according to the invention are useful in many medical procedures involving placement of a probe. 

10 For example, insertion of an entry needle into a patient's spinal column is just one example of other 
medical procedures that are applicable to the present invention. 

Several techniques are currently used to perform PCNL procedures. Antegrade access to a 
kidney involves a medical professional inserting a needle through a patient's back and into his 
kidney. Typically, a medical professional will guide an entry needle to a target calyx within the 

15 kidney under the guidance of a fluoroscope or a similar device. Briefly, a fluoroscope is a device 
that is used with an x-ray emitting device in order to visualize body structures and/or medical 
instruments. The x-ray energy is either transmitted through material that is transparent to the energy 
or is modulated by radiopaque material. After the x-ray energy is either transmitted or modulated, 
the fluoroscope detects at least some of the energy. Radiopaque material appears as an image on a 

20 display of the fluoroscope, while other transparent materials that are not radiopaque do not appear 
on the display. For example, medical devices can be constructed of radiopaque and/or transparent 
material, depending upon whether or not they are to be visualized during a procedure. Additionally, 
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radiopaque contrast dyes can be injected into a body structure or tissue, such as a target calyx in a 
kidney, so that the structure or tissue can be visualized on the screen of the fluoroscope display. 
The term "radiopaque" generally refers to a substance that at least partially prevents transmission 
(by blocking, reflecting, absorbing, defracting, and/or any similar phenomenon) of at least one 

5 type of electromagnetic radiation, such that an image of the substance will appear on a display. In 
the embodiments described herein, the most typical use of radiopaque materials is in conjunction 
with an x-ray emitting device and/or a fluoroscope. However, other energy emitting devices and/or 
visualization devices similar to a fluoroscope are suitable for use with apparatus and methods 
according to the invention. Additionally, although the embodiments described herein usually refer 

10 to radiopaque materials for use as an imaging sight, the embodiments can include imaging sights 
that can be used with devices other than an x-ray emitting device and/or a fluoroscope (such as an 
MRI device or a CAT-scan device). If the materials used for the imaging sight are changed from, 
for example, a metal to, for example, a fluid-filled or a gas-filled material with a known density, 
then such materials can be seen with the MRI device or CAT-scan device but may not be able to be 

15 seen with a fluoroscope. 

One type of PCNL procedure typically is performed using a triangulation technique which 
utilizes a needle that is 18 to 21 gauge, an x-ray emitting device, and a fluoroscope. The medical 
professional first aligns the tip of the needle (on the patient's back) with the target calyx (visualized 
by injecting a radiopaque dye into the kidney) in a vertical position with the x-ray emitting portion 

20 of the x-ray device ("x-ray head'') and the fluoroscope also in the vertical position, defining the 

needle's point of entry. ("Vertical" typically means an axis extending perpendicular from the point 
of entry. When the needle is in a vertical position, it can be aligned along this axis with the x-ray 
head and the fluoroscope at certain points of the procedure). The medical professional will then re- 
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position the x-ray head and the fluoroscope to a 30 degree angle from the vertical position while 
keeping the needle in the vertical orientation (or at a slight angle from the vertical position). By 
using the x-ray head and the fluoroscope in the vertical and 30 degree positions and viewing the 
needle on a display associated with the fluoroscope, the medical professional will approximate the 

5 desired needle entry angle and trajectory to reach the target calyx as well as the needle's depth in the 
patient's tissue. The medical professional then pushes the needle through the entry point, towards 
the target calyx. As necessary, the medical professional moves the x-ray head and the fluoroscope 
between the two views and the needle trajectory can be adjusted to successfully achieve access into 
the head of the target calyx. Typically, multiple rounds of trajectory adjustment are necessary in 

10 order to achieve access, and this process is often time consuming. The medical professional uses 
tactile feedback and the two views to determine when the target calyx has been successfully reached 
by the tip of the needle. The final check to confirm access into the kidney is performed by the 
physician removing the needle (the needle typically is disposed within a trocar having a hub), 
attaching a syringe to the hub, and aspirating. If urine is aspirated, kidney access has been achieved. 

1 5 If access has not been achieved, the entry needle must be repositioned and syringe reattached for 

/ 

further aspiration. One difficulty with this procedure is performing three dimdnsional access using 
two dimensional views. 

A second technique for performing a PCNL procedure is known as the "bullseye" 
technique. A patient is typically oriented on his/her side at an angle to an operating table such 
20 that a target calyx is generally aligned with the operating table (for example, the calyx is 

perpendicular to the table). A medical professional attempting kidney access with this technique 
will typically first align the tip of a guide needle on the patient's back with the target calyx 
(visualized by injecting a radiopaque dye into the kidney) using the x-ray head and the fluoroscope 
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in vertical position, defining the needle's point of entry. The medical professional will then 
insert the guide needle, for example a 13 gauge needle, vertically through this entry point and 
about 2-3 cm into the patients fatty tissue layers. This needle acts as the guide for an entry 
needle. A physician typically will clamp a pair of forceps around the 13 gauge needle and hold 

5 the forceps at their proximal end, allowing the physician to adjust the orientation of the 13 gauge 
needle while keeping his/her hands out of the fluoro field (i\e., the field of energy given off by 
the x-ray emitting device). When the medical professional has aligned the radiopaque hub of the 
13 gauge needle with the target calyx, and with the x-ray head and the fluoroscope in vertical 
orientation, an 18 gauge entry needle is inserted through the 13 gauge needle, into and through 

10 the patient's tissue, and into the patient's kidney. A properly aligned guide needle, which can 
have a radiopaque outer wall, will appear in the screen display of the fluoroscope as a circle that 
circumscribes at least a portion of a target calyx with an entry needle, which also can be 
radiopaque, in the center of the circle. The medical professional typically uses tactile feedback 
to determine if access into the kidney is achieved. The medical professional typically confirms 

15 that access into the kidney is achieved by removing an inner portion of the entry needle, 

attaching a syringe, and aspirating for urine through the space left by the removed portion of the 
entry needle. The presence of urine confirms access into the kidney. Many variations on this 
technique are possible. This technique also may require multiple attempts at positioning the 
entry needle and connecting and disconnecting a syringe for access confirmation, and this 

20 technique, too, is a time consuming process. 

The present invention saves procedure time and improves targeting accuracy by giving 
the medical professional a tool to better control and align the movement of the entry needle 
through the back and into the target calyx of the kidney. In certain embodiments, a medical 
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professional can use devices according to the invention while keeping his or her hands away 
from the energy given off by an x-ray (or other energy) emitting device, and/or the medical 
professional can maintain the ability to have tactile feedback during insertion of the entry needle. 
Additionally, in certain embodiments, the medical professional can lock the needle guiding 

5 apparatus (or components thereof) into alignment with the target calyx, and/or can stabilize the 
apparatus by attachment to a fixed object (such as an operating table). A medical professional 
also can have the ability to remove his/her hands from certain embodiments according to the 
invention without movement of the entry needle trajectory. Also, the entry needle to be inserted 
through certain embodiments of the invention can travel through about 60 degrees of rotation in 

10 all planes from vertical (and more than about 60 degrees or less than about 60 degrees in certain 
embodiments) and/or can be inserted completely into target calyx. Devices according to the 
invention can accommodate, for example, but without limitation, 18 to 21 gauge entry needles, 
and can have the ability for the handle design to prevent interference with the surface of the skin 
(e.g., winged handles). 

15 Referring to FIGS. 1-7, one needle guiding apparatus 2 according to the invention 

includes a base 4, a turret 6, and an adjustment rod 8. At one end of the base 4, a ring 24 is 
formed from the base 4 or attached to the base 4. At the other end of the base 4, a handle 14 is 
applied to or formed from the base 4. The turret 6 has a groove 22 along one edge and is 
mounted inside of and rides within the ring 24. Pins 16 protrude through the ring 24 at holes 20 

20 through the ring 24 and into the groove 22. These pins 16 secure the turret 6 within the base 4. 
Alternatively, the turret 6 can fit within the ring 24 with a friction fit. 

The adjustment rod 8 is inserted through the turret 6 such that the adjustment rod 8 
contacts the turret 6 and is held within the turret 6, but is still free to rotate. For example, a 
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groove can be cut into the surface of and around the entirety of the adjustment rod 8. In this 
instance, the adjustment rod 8 is held in place by one or more pins inserted through one or both 
of the top and the bottom of the turret 6 (similar to how the turret 6 is held in the ring 24). 
Alternatively, the adjustment rod 8 can be held within the turret 6 with a friction fit. Atop the 

5 adjustment rod 8, a dome 10 having a radiopaque sight 34 is affixed to or is a unitary member of 
the adjustment rod 8. The sight 34 can be formed from the dome 10 if it is itself radiopaque, 
either partially or totally, or the dome can have radiopaque markings applied to it. For example, 
the radiopaque sight 34 on the dome 10 can be circular (such as a "donut M ox a ring) to facilitate 
location of a target calyx 902 in a manner similar to the bullseye technique. Alternatively or in 

10 addition, the sight can be a diamond shape, in the shape of a cross-hair, in the shape of a 

perpendicular cross-hair, or any combination, such that device alignment is facilitated. A guide 
shaft 12 extends through the dome 10 and the adjustment rod 8, When the needle guiding 
apparatus 2 is properly aligned, described more fully below, this guide shaft 12 is aligned with 
the target calyx 902 and allows a medical professional to insert an entry needle 1 8 through the 

15 guide shaft 12 that provides a straight path into a patient as described more fully below. The 
guide shaft 12 can be relatively longer than the one shown and/or can include an extension. 
Typically; transparent components of the needle guiding apparatus 2 are manufactured from a 
plastic through an injection-molding process. However, the adjustment rod 8 can be radiopaque 
and, in that case, can be constructed from a metal such as stainless steel. Also, the sight, if 

20 radiopaque, is made from a radiopaque material such as a metal or a metalized coating. 

The turret 6 rotates 360 degrees about its axis, best shown in FIGS. 4 and 5. For 
example, in FIG. 4, the turret 6 is shown rotated 180 degrees from the handle 14, as indicated by 
arrow A. In addition to rotating in a counter-clockwise direction, as shown by arrows A and D in 
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both FIGS. 4 and 5, the turret 6 can rotate in a clockwise direction as shown by arrow E between 
an outline of the adjustment rod 8a and the base 4. Additionally, the adjustment arm 8 itself 
rotates about its own axis, as shown by arrows B and C. The adjustment arm 8 can rotate in both 
a clockwise and a counter-clockwise direction about its own axis (arrows B and C). In this 
5 embodiment, a medical professional can use two hands. One hand steadies the device 2 at the 
handle 14, for example, while the other hand adjusts the alignment rod 8 along directions of travel 
A, B, C,D and/or E. 

In operation, the apparatus 2 typically lies in the plane 30 of a patient's skin, shown in 
highly schematic fashion in FIGS. 6 A and 7. A plane drawn through the ring 24 is parallel to the 

10 plane of the skin 30. Additionally, the base 4 typically either touches a patient's skin or is just 
adjacent to the skin. No needle is necessary to hold the device onto a patient's skin (although one 
could be used in this embodiment or any embodiment). The device 2 is operable with a single 
hand, especially when moving the adjustment rod 8 short distances from being aligned with the base 
4 and handle 14. The medical professional typically presses the device 2 onto the top surface of the 

15 patient's skin while holding the handle 14 and controls the alignment rod 8 with his thumb. Pushing 
the tip of a rotation knob 78 will rotate the alignment rod 8 in the direction of arrow G. Pushing 
near the base of the rotation knob 78 will rotate the alignment rod 8 about the center of the ring 24 
(arrow F). For larger movements, the alignment rod 8 can be adjusted with the medical 
professional's other hand. 

20 In one method, the medical professional identifies the entry site and a needle plane 32 on the 

patient's back by laying the bottom of the base 4 flat (or nearly flat) against the skin layer and 
aligning the radiopaque sight 34 on the dome 10 with the target calyx 902 using an x-ray emitting 
device and a fluoroscopy The needle plane 32 in this case is along the long axis of the target calyx 
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902. Typically, a medical professional chooses this axis for easy visual reference on the 
fluoroscope screen, but any axis through a calyx can be chosen to define the needle plane. Rotation 
(arrow F) of the turret 2 and alignment rod 8 about the center of the ring 24 aligns the needle plane 
32 through which the entry needle 1 8 passes. Rotation (arrow G) of the alignment rod 8 about its 
5 own axis, controls the trajectory of the guide shaft 1 2 and the entry needle 1 8, which is inserted 
through the guide shaft 12 and into a patient. This trajectory occurs within the needle plane 32. 
Briefly, the medical professional checks the intended entry trajectory or plane alignment and adjusts 
the apparatus 2 by matching the angle of the x-ray head and the fluoroscope to the angle of the 
optionally radiopaque guide shaft 12, the radiopaque sight 34 on the dome 10, and the target calyx 

10 902. Once correct alignment is confirmed on the fluoroscope display screen, the medical 
professional can lock the alignment rod 8 into position. For example, a screw can lock the 
alignment rod 8 into place. The entry needle 1 8 is positioned into the guide shaft 12 and advanced 
towards the target calyx 902 . The medical professional can use the fluoroscope to confirm the 
advancement of entry needle 1 8 into the target calyx 902. 

15 When properly aligned, the apparatus 2 is adjusted to a position such that the entry needle 

follows a particular trajectory a in the plane 32, leading to the target calyx 902 of the kidney 900. 
One improperly aligned setting of the apparatus 2 is shown with the entry needle trajectory along 
a trajectory p in the same plane 32 as the proper trajectory a. The improper trajectory p, while in 
the same plane as the proper trajectory a, is not aligned with the target calyx 902. This improper 

20 alignment can be corrected by rotating the adjustment rod 8 clockwise (direction of travel G) to 
achieve the proper trajectory a. 

These properly and improperly aligned states are shown as screen displays on, for 
example, a screen display 800 of a fluoroscope, in FIGS. 6B and 6C, respectively. In FIG. 6B, 
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the image 34i of the imaging sight 34 appears atop the target calyx 902 in the screen display 800 
of the fluoroscopy The image 12i of the guide shaft 12 is not in alignment with the needle plane 
32. The guide shaft is moved in direction F as the turret 2 is moved in direction F. Rotation in 
direction F brings the image 12i of the guide shaft 12 into alignment with the needle plane 32 

5 (FIG. 2C). Although the guide shaft 12 is in the needle plane 32 at this point, the guide shaft 12 
is aligned along the improper trajectory p. In fact, in one of many incorrect orientations, the 
guide shaft 12 is not aligned with the center of the sight 34, such that the image 12i of the guide 
shaft 12 appears outside the image 34i of the sight 34, unaligned with the center of the target 
calyx 902. Additionally, the image 34i of the sight 34 appears non-circular (e.g., elliptical) 

10 because the sight 34 is not completely perpendicular to the proper trajectory axis a, and, hence, 
the guide shaft 12 (about which the sight 34 is disposed) also appears non-circular and is not 
aligned with the target calyx 902. When this improperly aligned image appears, the device 2 is 
further aligned by moving the adjustment rod 8 in direction G until the screen display image 
looks like the one shown in FIG. 6D. In FIG. 6D, the entry needle 18 (located at least partially 

15 within the guide shaft 12) along a properly aligned trajectory a appears as a needle tip 36 in the 
screen display 800. If shown in an enlarged image, the needle tip 36 can appear circular. This 
tip 36 is surrounded by a circular image 12i of the guide shaft 12 and a circular image 34i of the 
sight 34 above the target calyx 902. The image 34i of the sight 34 and the image 12i of the guide 
shaft 12 appears circular with the tip 36 in their center when the x-ray head and the fluoroscope 

20 are held along the same axis a as the entry needle 1 8 (and guide shaft 1 2) and when the sight 34 
of the dome 10 is in a plane that is perpendicular to the axis a. Hence, the guide shaft 12 (about 
which the sight 34 is disposed and through with the entry needle is inserted) is aligned with the 
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target calyx 902. This easy adjustment of an improperly aligned device can save procedure time 
and can increase accuracy in targeting the target calyx. 

Now referring to FIG. 7, a second example of proper 5 and improper e device alignment 
is shown. However, these trajectories 8, 8 are attained with the adjustment rod 8 in a different 

5 position than in FIG. 6A. The plane 33 in which the needle trajectories 8, e fall in FIG. 7 is 
rotated from the plane 32 in which the needle trajectories a, P fall by the same amount that the 
adjustment rod 8 is rotated from its position in FIG. 6A to its position in FIG. 7. Adjustment of 
the needle trajectories 8, e and the needle plane 33 is accomplished by moving the adjustment 
rod 8 along directions of movement I and J, as described for directions of movement F and G, 

10 respectively, in FIG. 6A above. A screen display while adjusting an improperly aligned device 
to a properly aligned device changes and appears similar to those shown in FIGS. 6B, 6C and 
6D. 

Additionally, the apparatus 2 is attached to a stand 26 with various adjustments possible 
Ju Y2» Y3> Y4, Y5> and Y6- The stand 26 is attached to a fixed surface 28, such as an operating table. 

1 5 This attachment may be advantageous for stabilizing the device 2 because, in some instances, the 
surface of the skin can move. Also, the medical professional can remove hft hands from the 
device 2 without disturbing a desired needle trajectory. The stand 26 could be secured such that 
the device 2 rests on the surface of the skin or slightly above. 

Now referring to FIG. 8, another embodiment of a needle guiding apparatus 48 is 

20 depicted. The apparatus 48 has a base 50. The base 50 has one opening at either end. One 
opening contains a guide component 52 and the other opening contains a base component 54. 
Each of the guide component 52 and the base component 54 have a groove (60, 74 respectively) 
that holds each assembly in the base in the manner described for the turret of the apparatus in 
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FIGS. 1-7. Alternatively, each component 52, 54 can be held in the base 50 by a friction fit, can 
be bonded to the base 50, and/or can be the same piece of material as the base 50. 

The guide component 52 contains a socket 58. A ball 56 fits within the socket 58, and a 
guide shaft 64 extends from the ball 56. A radiopaque sight 62 surrounds the guide shaft 64 on 

5 top of the ball 56. The guide shaft 64 has a passageway extending through it and in alignment 
with a passageway through the ball. The entry needle 1 8 can be inserted through these 
passageways. With the guide shaft 64 in place, the ball 56 articulates in the socket 58 in all 
directions, the range of motion limited only by the guide shaft 64 coming into contact with the 
upper edge of the guide component 52 and/or the socket 58. A control arm 66 is connected with 

10 the guide shaft 64 at a joint. At the other end of the control arm 66, an extension 68 is connected 
to the control arm 66 at a second joint. The extension 68 is attached to a ball 70 that articulates 
in a socket 72 and is contained within the base component 54 in a similar fashion to the ball 56 
and socket 58 located within the guide component 52. When a medical professional moves, for 
example, the extension 68, the movement is replicated at the guide shaft 63 which ultimately also 

15 duplicates the rotational angle of the extension 68. The medical professional adjusts the plane in 
which the entry needle 18 travels and the trajectory along which the entry needle 18 travels with 
a single movement of the extension 68 (/.e., control is not separated into two process as 
described above in the embodiment of FIGS, 1-7). A lock 80 can be used to prevent the ball 70 
and extension 68 from moving in order to lock the guide shaft 64 into its intended trajectory. 

20 The lock 80 can be, for example, a screw. 

Now referring to FIG. 9, the apparatus 48 is placed on, or in close proximity to, a 
patient's skin, represented by a plane 76. Thus, the apparatus 48 lies flat (or nearly flat) against 
the patient's skin. The apparatus 48 can include a handle 82 or be attached to a stand, as 
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described above. A medical professional manipulates the extension 68 (or similar structures 
such as a "joy stick") and the movement is translated, through the control arm 66, to the guide 
shaft 64 and ball 56. Positioning the passage through the guide shaft 64 and ball 56 properly 
allows the entry needle 1 8 to be properly positioned within a patient. When properly positioned, 

5 the apparatus 48 guides an entry needle 1 8 along a proper trajectory a to reach the target calyx 
902. If not properly positioned, the apparatus 48 will guide an entry needle 18 along in improper 
trajectory x, and the entry needle 1 8 will not reach the targeted area. The apparatus 48 has a 
sight 62 located coaxially with and disposed about the guide shaft 64. The piedical professional 
adjusts the needle guiding apparatus using a fluoroscope display screen in a manner similar to 

10 that described for FIGS 6B, 6C, and 6D above, where the proper trajectories a, a shown in 

FIGS. 6A and 9 correspond with each other and the improper trajectories |5, x shown in FIGS. 6A 
and 9 correspond with each other. This embodiment also can increase the accuracy with which 
the entry needle is placed and can decrease procedure time by allowing more rapid placement 
and access to the target calyx. 

15 In another embodiment of the invention, and referring to FIGS. 10 and 1 1, a dome 102 is 

disposed within or attached to a base 100. A radiopaque sight 104 is applied to or is integral 
with the dome 102. In operation, a medical professional inserts a guide needle 106 into the dome 
102 under the guidance of a fluoroscope. The guide needle 106 is hollow and includes a guide 
needle stop 108 that, in conjunction with the dome's 102 shape, prevents the guide needle 106 from 

20 penetrating a patient's skin surface prior to alignment of the device. The medical professional 

checks the intended entry trajectory and/or alignment of the guide shaft 106 for the entry needle by 
approximately matching the angle of the x-ray head and the fluoroscope to the angle of the 
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optionally radiopaque guide needle 106, radiopaque sight 104 and the target calyx and viewing the 
fluoroscope display, as described above. An entry needle can be inserted through the properly 
aligned guide needle 106. 

In another embodiment, and referring to FIGS. 12, 13, and 14, a needle guiding apparatus 
132 includes a turret 122 that rotates within a ring 130 of a base 120. The turret 122 includes 
guide shafts 124, 126, 128 (not all guide shafts are labeled). Radiopaque material can align with 
the walls defining the guide shafts 124, 126, 128 such that the material forms a ring, and/or at 
least a portion of the walls of the guide shafts 124, 126, 128 can be constructed from a 
radiopaque material. A medical professional can rotate the turret 122 by grasping the protrusion 
containing guide shafts 124, 126, 128 and twisting the turret 122 (arrow K) in either a clockwise 
or counter-clockwise direction. Each guide shaft 124, 126, 128 extends through the turret 122 
and is disposed at a different angle relative to the base 120. For example, two guide shafts 124, 
126 that are adjacent to each other have different angles relative to the base (cp, & respectively, as 
shown in FIG. 14). Thus, rotating the turret 122 can change the plane in which an entry needle 
will travel, but the needle trajectory is determined by the angle of the particular guide shaft. In 
use, the medical professional substantially matches the angle of the x-ray head and the 
fluoroscope with the angle of the guide shaft being used, such that a screen display shows the 
calyx circumscribed within a circular image of the radiopaque material when the device is 
properly aligned. 

Now referring to FIGS. 3 1-33, another embodiment of the invention, shows a needle 
guiding apparatus 256 capable of directions of movement P and R. A handle 258 is connected with 
an adjustment rod 264 through a connector 288. Within the adjustment rod 264, a pulley 272, 
optionally with a gear, is connected to an axial 268 extending through the pulley 272 so that the 
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pulley 272 can rotate about the axial 268. A control shaft 290 runs through the handle 258 and axial 
268, and a control nut 292 is threaded onto the control shaft 290 so that the control nut 292 can be 
tightened against the handle 258 to hold the control shaft 290 in a particular position. A base 262 
runs along the bottom of the device 256 and at one end, opposite the handle 258, opens into a ring 

5 286. The ring 286 can have bars of radiopaque material 282a, 282b, 296a, 296b disposed on or 
within it. The sections of radiopaque material can be situated such that the material 282a, 282b, 
296a, 296b forms cross-hairs (for example, they are perpendicular) and can be aligned in the same 
horizontal plane as an axis extending through the center of the adjustment rod 264. Alternatively, 
radiopaque material can be located in the core of the adjustment rod 264. For ease of description, 

10 the sections (or bars) of radiopaque material 282a, 282b that are aligned with the axis of the 

adjustment rod 264 will be referred to as a first band of radiopaque material, and the sections (or 
bars) of radiopaque material 296a, 296b that are perpendicular to the first band will be referred to as 
a second band of radiopaque material. A radiopaque marker shape 275 is located on the ring 286 
and aids a medical professional in orienting the needle guiding apparatus 256 with the patient's 

1 5 body under fluoroscopic guidance by providing a point of reference. 

Inside the ring 286, a second pulley 274, optionally connected with a gear, is connected to a 
second axial 270 that extends through the pulley 274 so that the pulley 274 can rotate about the 
axial 270. The second axial 270 rotates about the axis formed by the second band of radiopaque 
material 296a, 296b and about the axis formed by the axis extending through the adjustment rod 264 

20 and the first band of radiopaque material 282a, 282b. An optionally radiopaque guide shaft 284 
runs through the second axial 270, and the guide shaft 284 defines a passage extending through it. 
The guide shaft 284 is perpendicular to the axis through the second axial 270 (the axis that is 
aligned with the second band of radiopaque material 296a, 296b). An entry needle 254 can be 
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inserted through the guide shaft 284, out the opening in the base 262 created by the ring 286, into a 
patient's skin 260, and into a target calyx 902 in the patient's kidney 900. A belt 266 located within 
the alignment rod 264 connects the first pulley 272 and the second pulley 274. This belt 266 
transfers angular movement about the axials 268, 270 such that movement at one axial is transferred 

5 to the other axial. This movement is indicated as direction of movement P. The control shaft 290 
can be used to move the axials 268, 270, pulleys 272, 274, and belt 266 so that the guide shaft 284 
moves. The movement of the control shaft 290 can be replicated at the guide shaft 284 in a 1 : 1 
ratio, or the movement can be transferred such that a small movement at the control shaft 290 
produces a large movement at the guide shaft 284, or the movement can be transferred such that a 

10 large movement at the control shaft 290 produces a small movement at the guide shaft 284. The 
control nut 292 can be fastened when the medical professional has selected a desired position of the 
guide shaft 284 along direction of movement P. Other components can be used to transfer angular 
momentum from a control shaft to a guide shaft. For example, a pulley can include a groove or 
teeth so that the belt can ride in the groove or that grooves or teeth on the belt can enmesh with the 

1 5 teeth on the pulley. Alternatively, a series of gears can be used to transfer movement along the 
device, without a belt Also, gears can be used with the belt and pulley system so that greater than 
or less than a 1 : 1 ratio of movement at the control shaft and guide shaft is produced, allowing for 
fine gradations of movement at the guide shaft. Also, linkage arms can be used to connect and 
transfer movement between the control shaft and the guide shaft. 

20 The device 256 includes components that are moveable about an axis that is perpendicular 

to the axis about which movement P is generated. The handle 258 is connected to the adjustment 
rod 264 through the connector 288 such that as the handle 258 is moves, it moves in an arc that has 
its center aligned with the axis of the adjustment rod 264. Thus, moving the handle 258, in turn, 
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rotates the adjustment rod 264. Moving the handle 258 and adjustment rod 264 moves the guide 
shaft in direction R and, also, moves the control shaft in direction R. The transmission elements, 
including the axials 268, 270, pulleys 272, 274, and belt 266, are housed within the adjustment rod 
264 and rotate with the adjustment rod 264 along its axis. This direction of movement R is 

5 perpendicular to direction of movement P. A lock 276 has a screw 278 that tightens onto the 
adjustment rod 264 that fits within a groove 280, to prevent the adjustment rod 264 from moving 
and, thus, prevent the guide shaft 284 from moving. 

Directions of movement P and R typically are indicated as an arrow with two heads in the 
drawings, because, typically movement can occur in a "positive" or "negative" direction. For 

1 0 example, direction of movement P can have a positive and negative direction. Thus, in relation to 
direction of movement P, positive movement is in the opposite direction from negative movement 
but occurs along the same line or same arc of rotation (direction P) as the negative movement. 
However, in some instances, as described throughout the specification, while "positive" or 
"negative" movement in a given direction (such as +P, -P or +R, -R) is indicated in the Figures and 

1 5 is possible, movement in only the positive or negative direction may be appropriate. This 
explanation applies to the other directions of movement described in the other'embodiments 
according to the invention (for example, A, B, C, D, E, F, G, H, I, J, K, L, Q, S, and T can have 
positive or negative directions of movement). The terms "positive" and "negative" are arbitrary and 
are meant merely to convey the concept of opposite directions of movement. 

20 In a variation on this embodiment, an embodiment shown in FIGS. 46 and 47 is a device 

298 has essentially the same components as the embodiment of FIGS. 31-33 and moves in both the 
P and R directions in a similar manner. However, the device 298 that has the direction of 
movement R controlled in a slightly different manner. Rather than the handle 258 rotating with the 
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adjustment rod 264, the control shaft 290, housed in a control shaft housing 300, also can be moved 
in direction R to control the rotation of the adjustment rod 264 in direction R, transferring 
movement in the R direction to the guide shaft 284. Either one or both of the control shaft 290 and 
control shaft housing 300 can move in direction R. The same movement of the adjustment rod 264 

5 in direction R is generated as would be generated with the handle 258 in the embodiment shown in 
FIGS. 3 1-33. This movement of the control shaft 290 in both the R and P directions simultaneously 
moves the guide shaft 284 in the same directions (R and P). Only one control lever is needed to 
control movement of the guide shaft 284 in both directions (R and P). Movement of the guide shaft 
284 in the P direction in this alternative embodiment is controlled similarly to the embodiment in 

10 FIGS. 31-33. The embodiments shown in FIGS. 31-33 and 46-47 can either have a sharp object 
(not shown) that inserts into a patient's skin to facilitate holding the device along the patient's skin 
or it can lack such a sharp object with the device held in place by the medical professional and/or an 
attachment that stabilizes the device in association with a object that is fixed in position, such as an 
operating table. 

15 Now referring to FIGS. 34-41B, operation of the needle guide apparatus 256 of FIGS. 31-33 

is described stepwise as a medical professional might perform a procedure on a patient 1000 with 
the device 256. FIGS. 34-41B are oriented such that the patient 1000 is laying on the patient's right 
side, facing the medical professional, so that the patient's 1 000 left kidney 900 is positioned above 
the patient's right kidney (not shown). The patient would face away from the physician, with the 

20 right kidney positioned over the left kidney, if the right kidney is to be accessed. Also, in some 
instances, a kidney is accessed with the patient laying on his/her stomach. This procedure is 
described for a right-handed medical professional such that the medical professional holds the 
apparatus 256 in his/her left hand and inserts an entry needle (not shown) through the guide shaft 
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284 with his/her right hand. One can easily discern a procedure for a left-handed medical 
professional who would hold the apparatus in the right hand and the entry needle in the left hand. 

In FIG. 34, a needle guiding apparatus 256 is situated above a patient f s 1000 left side, with 
the patient 1000 facing the medical professional. The entire apparatus 256 is not shown, as 

5 designated by a blank area 302. A source of energy, such as an x-ray head 904 of an x-ray emitting 
device, projects energy. The x-ray head 904 is shown in two different positions 904a and 904b. 
The medical professional identifies an entry site based on a patient's anatomy (e.g., the region near 
the twelfth rib is one appropriate entry site) and positions the apparatus 256. The apparatus 256 is 
horizontal and parallel to the length of an operating table 906 in the x-axis direction and either 

10 touches or is close to the patient 1000. The medical professional 1001 first determines the intended 
needle trajectory through a first plane 304 by rotating the x-ray head 904 in a first position 904a 
(direction S) in a y-z plane. A view from the perspective of the patient's feet of the same situation is 
shown in FIG. 35. The two positions 904a, 904b of the x-ray head 904 are along the first plane 304 
and appear to overlap although the x-ray head 904 in a second position 904b is behind the x-ray 

1 5 head 904 in a first position 904a in this view. As shown in FIG. 36, the radiopaque bars of the first 
band 282a, 282b form images 282ai, 282bi on a display screen when the fluoroscope is in operation. 
The orientation of the needle guiding device 256 (shown in a highly schematic fashion) is shown 
relative to the screen display. As the x-ray head 904 positioned in the first position 904a is rotated 
in direction S, images 282ai, 282bi of the radiopaque bars 282a, 282b of the first band move in the 

20 fluoroscope display (shown as multiple bar images 282ai, 282bi). The rotation of the x-ray head 
904 (direction S) is continued until at least one of the images 282ai, 282bi of the bars 282a, 282b of 
the first band is aligned with the target calyx 902, shown, for example, as the darkened image bars 
282ai, 282bi. Images 296ai, 296bi of the bars 296a, 296b of the second band are in an arbitrary 



-35- 



position. When the images 282ai, 282bi of the bars 282a, 282b of the first band are aligned, the 
x-ray head 904 is locked in place and cannot rotate in direction S. This procedure defines the first 
plane 304. 

Next the angle of the guide shaft 284 is adjusted so that it is in the first plane 304. The angle 
5 of the guide shaft 284 is adjusted in the first plane 304 (direction R) by turning the handle 258 
(direction R). A mark (not shown) on the end of the adjustment rod 264 can align with angle 
markings (not shown) provided on the lock 276 such that the mark moves as the handle 258 is 
turned (direction R) and aligns with the angle markings on the lock 276. When the angle indicated 
by the alignment of the mark and the angle marking matches the angle of the x-ray head 904, the 
10 guide shaft 284 is considered aligned with the first plane 304 (for example, as in FIG. 35, the guide 
shaft 284 might be moved in direction R to come into alignment with first plane 304). At that point, 
the medical professional tightens the screw 278 to lock the guide shaft 284 in position in the first 
plane 304. 

The angle of the guide shaft 284 also can be aligned in the first plane 304 by using the 
15 image of the guide shaft 284i and the radiopaque bars 282ai, 282bi, as shown in FIGS. 37A-37D. 
FIGS. 37B and 37D show an image 284i of the guide shaft 284 that is not symmetrical about the 
axis of the image 282ai, 282bi of the first band. This type of image indicates that the guide shaft 
284 is not in the first plane 304. In order to align the guide shaft 284, it is rotated in direction R, for 
example, with the handle 258. The rotation of the guide shaft 284 (i.e., rotation of the handle 258) 
20 is stopped when the image 284i of the guide shaft 284 is symmetrical about the axis formed by the 
image 282ai, 282bi of the first band, as shown in FIGS. 37A and 37C. In FIG. 37A the image 284i 
of the guide shaft 284 is symmetrical about the axis formed by the image 282ai, 282bi of the first 
band, while the image 284i of the guide shaft 284 is symmetrical about both the axis formed by the 
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image 282ai, 282bi of the first band, and the axis formed by the image 296ai, 296bi of the second 
band in FIG. 37C. Once the image 284i of the guide shaft 284 is aligned along the axis formed by 
the image 282ai, 282bi of the first band, the screw 278 is tightened to lock the guide shaft 284 in 
position in the first plane 304. The result in FIG. 37C (proper alignment in both the first plane 304 
5 and a second plane 306) may occur in some instances without additional alignment steps, but, if less 
than proper alignment in both planes 304, 306 occurs, such as shown in FIG. 37A, then further 
alignment steps may be used. 

Once the guide shaft 284 is aligned along the axis formed by the image 282ai, 282bi of the 
first band, the second plane 306 can be determined. With the x-ray head 904 of the fluoroscope 

10 locked in the first plane 304, the x-ray head 904 is rotated in the first plane 304 (for example, from 
the first x-ray head position 904a to the second x-ray head position 904b, Le. 9 direction T, as shown 
in FIG. 34). The direction of movement T in the first plane 304 generally is along the length of the 
patient 1000, from the head to toe, and vice versa. As shown in FIG. 38 in relation to a highly 
schematic depiction of the needle guiding device 256, patient 1000, and medical professional 1001, 

15 the radiopaque bars of the second band 296a, 296b form images 296ai, 296bi on a display screen 
when the fluoroscope is in operation. As the x-ray head 904 is rotated in direction T, images 296ai, 
296bi of the radiopaque bars 296a, 296b of the second band move in the fluoroscope display (shown 
as multiple bar images 296ai, 296bi). The rotation of the x-ray head 904 (direction T) is continued 
until at least one of the images 296ai, 296bi of the bars 296a, 296b of the second band is aligned 

20 with the target calyx 902, shown, for example, as the darkened image bars 296ai, 296bL When the 
images 296ai, 296bi of the bars 296a, 296b of the second band are aligned, the x-ray head 904 is 
locked in place and cannot rotate in direction T. This procedure defines the second plane 306. At 
this point, the first plane 304 and the second plane 306 are perpendicular. 
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Next the angle of the guide shaft 284 is adjusted so that it is in the second plane 306. The 
angle of the guide shaft 284 is adjusted by moving the control shaft 290 (direction P) in the first 
plane 304. Angle markings (not shown) can be provided on the handle 258 and/or the connector 
288 and/or the control shaft housing 300 such that as the control shaft 290 is moved (direction P) it 

5 aligns with the angle markings, indicating the angle of the control shaft 290 (and the guide shaft 
284). When the indicated angle matches the angle of the x-ray head 904, then the guide shaft 284 is 
aligned with the second plane 306. At that point, the medical professional tightens the control nut 
292 to lock the guide shaft 284 in position in the second plane 306 while the guide shaft 284 is 
already locked in position in the first plane 304. 

10 The angle of the guide shaft 284 also can be aligned in the second plane 306 by using the 

image of the guide shaft 284i and the radiopaque bars 296ai, 296bi, as shown in FIGS. 39A-39C. 
In each of FIGS, 39A-C, the image 284i of the guide shaft 284 is already symmetrical about the 
first plane 304 due to previous alignment steps, discussed above. FIGS. 39A and 39C show an 
image 284i of the guide shaft 284 that is not symmetrical about the axis formed by the image 

15 296ai, 296bi of the second band. This image situation indicates that the guide shaft 284 is not 
properly aligned in the second plane 306. In order to align the guide shaft 284, it is rotated in the 
first plane 304 (direction P), for example, with the control shaft 290. The rotation of the guide 
shaft 284 (i.e., movement of the control shaft 290) is stopped when the image 284i of the guide 
shaft 284 is symmetrical about the axis formed by the image 296ai, 296bi of the second band, as 

20 shown in FIG. 39B. In FIG. 39B the image 284i of the guide shaft 284 is now symmetrical about 
both the axis formed by the image 282ai, 282bi of the first band and the axis formed by the 
image 296ai, 296bi of the second band. Once the image 284i of the guide shaft 284 is aligned 
along the axis of the image 296ai, 296bi of the second band, the control nut 292 is tightened to 
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lock the guide shaft 284 in position in the second plane 306. A proper entry needle trajectory to 
the target calyx is determined. At this point an entry needle, such as the one 254 shown in FIG. 
31, can be inserted into the guide shaft 284 and through the patient's 1000 tissue to the target 
calyx 902. If the angle marker method of guide shaft 284 alignment is used, proper alignment 

5 (/.e., attainment of proper entry needle trajectory) can be confirmed by viewing the positioned 
device 256 on the display screen. A properly aligned device should appear as shown in FIG. 
39B. If it is not aligned, the process can be repeated. This embodiment also can increase the 
accuracy with which the entry needle is placed and can decrease procedure, time by allowing 
more rapid and accurate placement and access to the target calyx. A medical professional's 

10 hands are kept out of the x-ray field and tactile feedback as the entry needle is advanced into the 
patient and the target calyx is maintained. 

An alternative method of aligning the guide shaft 284 in the first plane 304 that uses a 
slightly altered version of the needle guiding apparatus 256 of FIGS. 31-33 is shown in FIGS. 40A- 
41B. In this embodiment, the needle guiding apparatus can be horizontal to the operating table but 

1 5 need not be horizontal. In this situation, in addition to the first band of radiopaque material 282a, 
282b in the device, two more bars 308a, 310a of radiopaque material are located, for example, in the 
alignment rod 264. These extra bars 308a, 3 lOa of radiopaque material are situated such that they 
are parallel to the first band of radiopaque material 282a, 282b. In FIG. 40A, the x-ray head 904 is 
aligned along the first plane 304 with the target calyx 902. However, the guide shaft 284 is not 

20 properly aligned with the target calyx 902. As a result, the images 282ai, 308ai, 3 1 Oai of the three 
radiopaque bars 282a, 308a, 310a, shown in FIG. 40B, appear as three separate images. The 
adjustment rod 264 is rotated in direction R, for example with handle 258, and brought into proper 
alignment with the first plane 304, as shown in FIG. 41 A. As a result, the images 282ai, 308ai, 
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310ai of the three radiopaque bars 282a, 308a, 310a, shown in FIG. 4 IB, are superimposed and 
appear as a single image. In certain other embodiments, the devices of the invention can have two 
parallel radiopaque bars (rather than three) or can have more than three parallel radiopaque bars. 
Again, alignment of the guide shaft 284 is indicated when the images of the bars are superimposed. 

5 Two other alternative methods of aligning the guide shaft 284 in an image plane 305 that 

use slightly altered versions of the needle guiding apparatus 256 of FIGS. 31-33 are shown in FIGS. 
48A-50 and FIGS. 51 A-51F. These two embodiments are designed for use with an MRI device or a 
CAT-scan device, rather than for use with an x-ray emitting device and a fluoroscope. When using 
such devices, the device can be immediately aligned with the target calyx in a single image plane 

10 305 (i.e. , the procedure can be performed without the step of perpendicular aligning bars contained 
within the base, as was done with bars 282a, 282b, 296a, 296b above, to define the first plane 304 
and the second plane 306), Embodiments for use with an MRI device or a CAT-scan device do not 
use radiopaque materials, such as metals, for an imaging sight because metal produces a distorted 
screen display image. These embodiments instead would use a material with a particular density, 

15 such as a fluid-filled or gas-filled structure. Additionally, because the energy field produced by an 
MRI device or a CAT-scan device is not as harmful to human tissue as the energy field produced by 
an x-ray emitting device, embodiments of needle guiding apparatus for use with an MRI device or a 
CAT-scan device can be constructed such that they do not have handle extensions or remote needle 
guiding capability. For example, medical professional could directly manipulate a guide shaft. 

20 However, for the sake of simplicity, the two alternative embodiments shown in FIGS. 48A-50 and 
FIGS. 51 A-51F are presented as essentially the same as that shown in FIGS. 3 1-33 except for the 
placement of and material composition of the imaging sight. Also, rather than the medical 
professional placing the device in the orientation shown in FIGS 34-39C, the device is rotated 90 
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degrees from that orientation. Although the device still moves in directions P and R, the 
directions of movement P and R have been relabeled as Q and H, respectively, because 
directions of movement P and R are rotated 90 degrees relative to those shown in FIGS. 34-39C 
due to the 90 degree rotation of the device. Thus, directions of movement Q and H are rotated 

5 90 degrees from directions of movement P and R, but the device still produces rotational 

movement as described above. These embodiments also can increase the accuracy with which 
the entry needle is placed and can decrease procedure time by allowing more rapid placement 
and access to the target calyx. 

Now referring to FIGS. 48A-50, a needle guiding apparatus has three sets of parallel density 

10 bars 336a, 336b, 338a, 338b, 340a, 340b. One set of density bars 336a, 336b forms a first density 
band, a second set of density bars 338a, 338b forms a second density band, and a third set of density 
bars 340a, 340b forms a third density band. These density bands are disposed within the adjustment 
rod 264 and are located symmetrically about the guide shaft 284. In FIG. 48B, the MRI device or 
CAT-scan energy source 910 is aligned along the image plane 305. The second density band is also 

15 in the image plane 305. The needle guiding apparatus is situated above the patient's 1000 left side 
with the patient 1000 facing the medical professional. The needle guiding apparatus is horizontal as 
well as perpendicular to the length of the operating table 906 in the z-axis direction. The guide shaft 
284 is not aligned within the image plane 305. Thus, as shown in FIG. 48C, an image (taken as a 
section through the image plane 305) shows only the images 338ai, 338bi of the density bars 338a, 

20 338b of the second density band because only that density band is in line with the section taken by 
the MRI device or the CAT-scan device. However, as shown in FIGS. 49A-49C, the guide shaft 
284 can be rotated (direction of movement H) to bring it into alignment with the image plane 305. 
Now, an image taken as a section will show all density bands because they are all aligned along the 
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section line (i.e., the image plane 305). When the guide shaft 284 is aligned as shown in FIG. 49B, 
the image of the density bands changes such that the images 336ai, 336bi of the density bars 336a, 
336b of the first density band are parallel with the images 338ai, 338bi of the density bars 338a, 
338b of the second density band and are parallel with the images 340ai, 340bi of the density bars 

5 340a, 340b of the third density band. This change in alignment can occur, for example, as shown in 
FIG. 50 where an image 284i of the guide shaft 284 is shown in relation to the images 336ai, 336bi, 
338ai, 338bi, 340ai, 340bi of the density bars 336a, 336b, 338a, 338b, 340a, 340b of the three 
density bands and the target calyx 902. Also, in FIG. 50, the image 284i of the guide shaft 284 can 
be moved in direction Q from a position similar to that shown in FIG. 49B (dotted outline of the 

10 image of a guide shaft in FIG. 50) to a position aligned with the target calyx 902 similar to that 
shown in FIG. 50. Once the guide shaft 284 is fully aligned by moving the guide shaft 284 in both 
the H and Q directions of movement, an entry needle can be inserted through the guide shaft 284. 

Another layout of density bars 350a, 350b, 352a, 352b, 354a, 354b for the embodiment 
shown in FIGS. 51 A-51F is useful for bringing the center of the guide shaft 284 into alignment with 

15 the image plane 305. As shown in FIGS. 51A-51D, the embodiment has the same layout of 

components as the embodiment shown in FIGS. 3 1-33, except the density bands 350a, 350b, 352a, 
352b, 354a, 354b, that are viewed on the MRI device or CAT-scan device, are different in 
orientation and composition from the radiopaque bands shown in FIGS. 31-33. A first density band 
is made up from the top two density bars 350a, 350b, a second density band is made up from the 

20 middle two density bars 352a, 352b, and a third density band is made up from the bottom two 
density bars 354a, 354b. As seen in the various views, the density bars 352a, 352b of the second 
density band are parallel with the first and third density bands, but are situated such that they are at 
an angle relative to an axis formed through the density bars 350a, 350b of the first density band and 
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are at the same angle relative to an axis formed through the density bars 354a, 354b of the third 
density band. 

First, the needle guiding apparatus is placed on or near the patient. Under the guidance of an 
MRI device or a CAT-scan device, the medical professional discerns the image plane 305 by 

5 aligning the second density band with the target calyx. If two spots, corresponding to the two 
density bands 252a, 252b of the second density band, are seen in alignment with the target calyx 
902, then the imaged section corresponds with the image plane 305. If one or no spots are seen in 
alignment with the target calyx, then another section is viewed until an aligned state is observed. 
Once the image plane 305 is defined, the guide shaft 284 is aligned within the image plane 305 (for 

10 example, by rotating the adjustment rod 264 in direction H or shifting the device along the patient's 
skin). When the guide shaft 284 is aligned with the target calyx 902 and the MRI device source or 
CAT-scan source 910 along the image plane 305, as shown in FIG. 5 IE, a particular image is 
formed. The image shown in FIG. 5 IF indicates that, when aligned, the section image taken by the 
MRI device or CAT-scan device down the image plane 305 will show the first density band as two 

1 5 bar-shaped images 350ai, 350bi on the top of the image, the second density band as two spot 
shaped-images 352ai, 352bi in the middle, and the third density band as two bar-shaped images 
354ai, 354bi on the bottom. The image 284i of the guide shaft 284 is aligned with the target calyx 
902. Also, if the guide shaft 284 is in the image plane 305 but not aligned with the target calyx 902, 
the dotted image of the guide shaft 284 indicates how a guide shaft 284 might be moved along 

20 direction Q to bring the guide shaft into alignment with the target calyx 902. Once the guide shaft 
284 is aligned, an entry needle can be inserted through the guide shaft 284. 

Another embodiment of the invention, shown in FIGS. 15A-17, is a needle guiding 
apparatus 134 that has several components: an entry needle 136, a guide needle 138, a radiopaque 
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donut 140, radiopaque crosshairs 142, bar guides 144, an upper driving bar 146 (alternatively called 
the "upper bar"), a lower driving bar 148 (alternatively called the "lower bar"), and an adjustment 
rod 150. The entry needle 136 is affixed in perpendicular fashion in the lower bar 148 and passes 
through a hole in the upper bar 146. The upper driving bar 146 is fixed to the bar guides 144 which 

5 are fixed to the cylindrical adjustment rod 150. The guide needle 138 is fixed in perpendicular 

fashion to the adjustment rod 150. The radiopaque donut 140 is affixed to the adjustment rod 150 or 
on or around the guide needle 138. The upper bar 146 is used to push the guide needle 138 into 
place. The lower bar 148 is used to drive the entry needle 136 through the guide needle 138 as it 
slides down the bar guides 144. The coaxial arrangement of the radiopaque donut 140, guide 

10 needlel38, and entry needle 136 is shown in FIG. 16 as a section taken through line A-A of FIG. 
15A. 

The apparatus 134 provides a means of aligning the entry needle 136 with a target calyx. 
The entry site on the patient's back is identified by aligning the radiopaque donut 140 on the 
distal end of the apparatus 134 with the radiopaque crosshairs 142 on the proximal end of the 

15 apparatus 134 and with the target calyx. This alignment can be viewed on the screen of a 
fluoroscope 152, and one example of the screen display of an aligned device 134 is shown in 
FIG. 17. An image 142i of the cross-hairs 142 is shown encircled by a circular image 140i of the 
radiopaque donut 140 and aligned with the target calyx 902. 

The angle of the x-ray head and the fluoroscope must approximately match the angle of 

20 the apparatus 1 34 with respect to the point of entry on the patient and match the entry needle's 
136 intended entry trajectory. The device may be used in vertical orientation or most other 
orientations that the medical professional may desire. Because the apparatus 134 has the ability 
for the needle 136 to enter in at an angle other than vertical, the medical professional can better 
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customize the needle's 136 approach into the kidney. An angle indicator can be included (not 
shown), for example, on the adjustment rod 150 to allow a physician to discern the guide 
needle's 136 angle relative to the surface of the patient's skin. The guide needle 138 is advanced 
about 2-3 cm into the patient's back by the medical professional pushing on the upper driving bar 

5 146 which is fixed to the vertical guides 144 and cylindrical adjustment rod 150. Alternatively, 
the guide needle 138 may be advanced by the medical professional grasping the adjustment rod 
150 at either end and pushing the adjustment rod 150 down on the patient's back. The depth to 
which the guide needle 138 advances into the patient can be adjustable. In this design, the 
adjustment rod 150 is of sufficient length to allow the medical professional to use the device 134 

10 with his/her hands out of the x-ray field. The upper driving bar 146 can be, for example, but 
without limitation, approximately 10 inches in length, thereby allowing the medical professional 
to use the dpvice 134 without having his/her hands in the x-ray field. Once the guide needle 138 
has been positioned, the medical professional may re-check the alignment of the entry needle 
136 using the distal radiopaque donut 140 and the proximal radiopaque crosshairs 142. The 

15 entry needle 136 can be advanced by the medical professional pushing down on the lower 
driving bar 148, and the lower driving bar 148 moves over the vertical guides 144. The lower 
driving bar 148 is slightly longer than the upper bar 146 to allow the medical professional to 
push it down without also pushing the upper bar 146. This design allows the lower bar 148 to be 
moved independent of the upper bar 146. Alternative designs can involve locking and unlocking 

20 the upper 146 and lower 148 bars to allow dependent or independent use and may be 

accomplished in a variety of ways. The lower bar 148, similar to the upper 146, is of sufficient 
length to allow the medical professional to use the device without exposing his/her hands to the 
x-ray field. Prolonged exposure to x-rays are not desirable due to health risks. Therefore, any 
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features which allow the medical professional to keep his/her hands out of the x-ray field are 
advantageous. 

In addition to keeping a medical professional's hands away from the x-ray field, the 
present device 134, with greater stability than conventional techniques, allows the medical 

5 professional to retain tactile feedback and also allows a syringe (not shown) to be attached for 
aspiration of urine. The device 134 also may be used while performing triangulation access if 
the medical professional so desires. Lastly, the device 134 or the entry needle 136 may have a 
feature which allows the medical professional to detect when the target calyx has been pierced, 
reducing the medical professional's reliance on tactile feedback. 

10 Another embodiment of the invention, shown in FIGS. 18A-21, is a needle stage 154 and 

a separate entry needle 136. The needle stage 154 includes a base 156, an alignment rod 150, a 
guide needle 138, a radiopaque donut 140 and a locking mechanism 160. The cylindrical 
alignment rod 150 is free to rotate about its axis in the base 156 of the needle stage 154 (as 
indicated with arrow L in FIG. 18A). The guide needle 138, typically 12-14 gauge in diameter, 

15 is fixed in perpendicular fashion through the center of the alignment rod 1 50. The radiopaque 
donut 140 is fixed on the alignment rod 150 or is fixed on or around the guide needle 138. The 
locking mechanism 160 (such as a screw) interacts with the base 156 and alignment bar 150 to 
prevent the components from moving relative to one another. 

The medical professional typically will hold the device by grasping the ends of the 

20 alignment rod 1 50. The alignment rod 1 50 can be, for example, but without limitation, 

approximately 10 inches in length, thereby allowing the medical professional to use the device 
154 without exposure of his/her hands to the x-ray field. The physician can rotate the alignment 
rod 150 and thereby rotate the entry angle of the guide needle 138. The entry site on the 
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patient's back will be identified by aligning the image of the radiopaque donut 140 on or around 
the image of the guide needle 138 with the target calyx 902. The angle of the x-ray head and the 
fluoroscope must approximately match the entry angle of the guide needle 138 and the entry 
needle's 136 intended entry trajectory. Once the radiopaque donut 140 is aligned with the target 

5 calyx 902, the medical professional may advance the guide needle 138 into the patient's back by 
pushing down on the cylindrical alignment rod 150. When the guide needle 138 is advanced 2-3 
cm, the base 156 will bottom out on the surface of the patient's skin. The position of the guide 
needle 138 may then be locked into place by activating the locking mechanism 160. This 
locking mechanism 160 can be, for example, but without limitation, a screw which drives 

10 through the base 156 and exerts perpendicular force onto the outer diameter of the cylindrical 
alignment rod 150. The base 156 may also have a sticky underside which would provide another 
means of securing it to the patient's skin or drape. An angle indicator 162 can be included, for 
example, on the alignment rod 150 to allow a medical professional to discern the guide needle's 
138 angle relative to the surface of the patient's skin (FIG. 19B). The depth to which the guide 

15 needle 138 advances into the patient can be adjustable. 

Once the base 156 has been locked into position, the medical professional may insert the 
entry needle 136, typically 18-22 gauge in diameter, into the guide needle 138. Variations of this 
entry needle 136 are described throughout the specification. A conventional, commercially 
available entry needle may be advanced through the guide needle 138. Additionally, an entry 

20 needle with radiopaque crosshairs on its proximal end may be advanced through the guide needle 
138, allowing the medical professional to monitor the alignment of the needle during 
advancement. An entry needle 136 that may include radiopaque crosshairs 142 (shown as a 
section taken along line B-B through the entry needle 136 in FIG. 18B) may optionally be 



-47- 



affixed in perpendicular fashion to a driving bar 1 58 (FIG. 1 8 A) that is similar to the one shown 
in FIGS. 15A-17, allowing the medical professional to drive the entry needle 136 while keeping 
his/her hands out of the fluoro field. A driving bar 1 58 may be provided which includes 
radiopaque crosshairs and allows attachment to a commercially available needle. The 

5 radiopaque crosshairs would align with the axis of the attached entry needle (in a manner similar 
to that shown in FIG. 21), allowing any needle to have improved targeting capabilities. A screen 
display of a fully aligned device 1 54 is shown in FIG. 21 . A circular image 140i of the 
radiopaque donut 140 encircles the image 136i of the entry needle 136 and is aligned with an 
image 142i of the radiopaque cross-hairs and the target calyx 902. The initial alignment of the 

10 device (without the entry needle 136) would appear on the screen display as the circular image 
140i of the radiopaque donut 140 encircling the target calyx 902. This alignment would indicate 
that the guide needle 138 was in line with the target calyx 902 and that the entry needle 136 
could be inserted through the guide needle 138 in a proper trajectory to reach the target calyx 
902. 

1 5 Another embodiment (not shown) of the invention adds the base 1 56 and the locking 

mechanism 160 of the embodiment shown in FIGS. 18A-21 onto the embodiment shown in 
FIGS. 15-17. The base 156 is disposed about the adjustment rod 150 in a similar manner to the 
way the base 156 is shown disposed about the alignment rod 150 in FIGS. 18-21. The locking 
mechanism 160 an operate in the same manner as described above. 

20 Generally, the invention can save procedure time by giving the medical professional a tool 

to better control and align the movement of an entry needle through a patient's back and into the 
target calyx of a kidney. Additionally, the embodiment shown in FIGS. 15A-17 provides the 
advantages of allowing activation of the device 134 without having a medical professional's hands 
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in the x-ray field, allowing access to the target at an angle other than vertical, and allowing the 
medical professionals to have tactile feedback during access. The embodiment shown in FIGS. 
18A-21 provides an additional advantage by allowing the medical professional to lock the position 
of the guide needle 138. Finally, the embodiment combining the embodiment shown in FIGS. 15A- 
5 17 with the embodiment shown in FIGS. 18A-21 provides at least the advantages described above, 
in a single device. 

Another embodiment of the invention, shown in FIGS. 28 - 30B, consists of a gun-like 
device 168 that has a housing 170 that contains the inner workings of the device 168. A hole 182 
on one end of the device 168 accepts an entry needle (shown in FIGS. 29 and 3 OA as needle 1 84, 

10 186, respectively), the device 168 provides a way to align the needle 168 with, for example, a 
target calyx. Radiopaque crosshairs 176 are disposed adjacent the hole 182. The entry site on 
the patient's back will be identified as described above, using a guide needle 180 (for example, a 
14 gauge needle) which extends from the tip of the gun 168. The entry needle (for example, an 
18 gauge entry needle) is locked into the gun 168 on the same axis as the guide needle 180, such 

15 that, when the gun 168 is activated by moving the trigger 172 in direction M, the entry needle 
will pass through the guide needle 180. A disc 178 with spokes surrounds the guide needle 180 
coaxially. The gun 168 has a radiopaque donut (not shown) on its distal end that is used with the 
radiopaque crosshairs 176 on its proximal end to align the entry needle in the gun 168 with the 
target calyx. 

20 Once the gun 168 is rotated (with the x-ray head and the fluoroscope vertical), such that 

the target calyx and radiopaque crosshair 176 are aligned in the radiopaque donut, the guide 
needle 1 80 will be pushed vertically through the patient's skin and fatty tissue. The guide needle 
180 will act as a guide for the entry needle to pass through it. Once the tip of the guide needle 
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180 is pushed into place, approximately 2 Vi - 3 cm below the surface of the skin, the gun 168 is 
ready for activation. When the gun 168 is fully aligned, the entry needle will be driven into the 
target calyx through the guide needle by manually squeezing the gun's trigger 172 in direction 
M. Guide needles and entry needles of sizes other than 14 gauge and 18 gauge, respectively, are 

5 envisioned, and these needles may be coaxial, with one needle passing through the other needle, 
as described above. Additionally, many types of entry needles with various functionalities are 
possible. For example, the entry needle 184 shown in FIG. 29 can sample fluids at its distal end 
and the entry needle 186 shown in FIG. 30A can detect light, particularly light produced by a 
light source 188 shown in FIG. 30B. These entry needles and other types of entry needles are 

10 described in more detail below. The gun 168 can also be used while performing triangulation 
access rather than a variation of the bullseye technique, if the medical professional so desires. 
Lastly, the device 168 can optionally have a datum window 174. The datum window 174 can, 
for example, display at least one piece of datum, to allow the medical professional to detect, for 
example, when the target calyx has been pierced. 

15 The device 192 shown in FIGS. 26-27 is simpler than the device shown in FIGS. 28-30B 

and also can be used to drive an entry needle 1 94 in accordance with the invention. The entry 
needle 194 includes a small diameter needle 206 (e.g., a 19 gauge needle) contained within a 
larger diameter trocar 198 (e.g., an 18 gauge needle) having a hub 196. The entry needle 194 is 
driven through a guide needle 202 at the distal end of the device 192. In operating the device, a 

20 medical professional would grasp a distal handle 204 in one hand and move a proximal handle 
208 towards the distal handle 204, in direction N. This movement advances the entry needle 194 
through the guide needle 202. The guide needle 202 can be positioned in the patient in the 
manner as described for the embodiment shown in FIGS. 28-30B, such that the advanced entry 
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needle 194 is driven into the patient's tissue. This device 192 has radiopaque crosshairs 208 
disposed within the device (shown in cross section A-A in FIGS. 26 and 27) towards its proximal 
end and has a radiopaque donut 200 disposed toward the distal end of the device 192. This 
sighting arrangement is similar to the embodiment described in FIGS. 28-3 OB. Except for the 

5 manner of advancing the entry needle 194, the device 192 is targeted and used in a similar 
manner to that described for the device 168 described in FIGS. 28-30B. 

Additionally, once a medical professional believes a target calyx has been located with 
the entry needle through, for example, positioning under the guidance of a fluoroscope or tactile 
feedback, the medical professional will confirm access. One manner of confirming access with 

10 entry needles that are currently used is to remove an inner portion of the entry needle, attach a 
syringe, and to aspirate fluid from the tip of the entry needle. Blood in the syringe indicates that 
the target has not been reached while urine or contrast dye (previously injected into the kidney to 
allow visualization of the kidney on the fluoroscope display) in the syringe indicates that the 
target has been reached. 

15 Several embodiments of an entry needle are shown in FIGS. 22-25. Now referring to 

FIGS. 22 and 23, an entry needle 184 includes a cannula 224 in connection with (or as a single 
piece with) a "Y" shaped hub 228. The hub 228 has a branch 230 with a connector 222 at the 
proximal end of the branch 230. The cannula 224, which can be made of stainless steel, has an 
opening 210 at its distal end and contains a notched needle 214. The notched needle 214 rotates 

20 about an axis extending through the center of the cannula 224, and the notched needle can be 
about 1 8 to about 21 gauge. The notched needle 214 is a hollow needle, with a portion of the 
wall of the needle 214 removed (i.e., a notch 212). In a first position (FIG. 22), the portion of the 
notched needle 214 that is not notched is aligned with the opening 210, preventing fluid located 
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outside of the entry needle 184 from entering into the cannula 224. In a second position (FIG. 
23), the notched portion 212 of the notched needle 214 is aligned with the opening 210, allowing 
fluid located outside of the entry needle 1 84 to enter the cannula 224. A knob 216 with markings 
for "on" 218 and "off 1 220 is attached to the notched needle 214 such that when the knob 216 is 
rotated, the notched needle 214 is rotated. Specifically, the "on" marking 218 is aligned with an 
indicator (not shown) when the notched needle is in the second position and the "off' marking 
220 is aligned with the indicator when the notched needle is in the first position. When in the 
second position, the notch 212 also is aligned with the branch 230 in the "Y" shaped hub 228 at 
the proximal end of the entry needle 214. Thus, fluid entering the cannula 224, travels along the 
inside of the cannula 224 and the notched needle 214 until it reaches the branch 230 and is 
diverted into the branch 230. A seal 226 at the proximal end of the cannula 224 prevents fluid 
from escaping at the end of the cannula 224. The seal 226, for example, can be an "O-ring" 
disposed about the notched needle 214. Once fluid has entered the cannula 224 it flows and/or is 
drawn towards the proximal end of the entry needle 1 84. Fluid can be conducted along the 
cannula 224 by attaching a syringe (not shown) to the connector 222, drawing back on the 
plunger in the syringe to create a vacuum, and drawing fluid through the device 184 towards the 
proximal end. 

The entry needle 184 shown in FIGS. 22 and 23 avoids having to remove the inner 
portion of the entry needle in some current entry needle designs by allowing for selectable fluid 
access at the turn of a knob. Removing this extra removal step can save time during the 
procedure. Also, the syringe can be continuously attached to the connector 222 to avoid having 
to continually attach and disengage the syringe if kidney access must be confirmed multiple 
times. Additionally, the syringe can be used to introduce materials (such as additional contrast 
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dye that is used to visualize the kidney on a fluoroscope) into a patient through the cannula. 
Also, the notched needle 214 can be removed once access is obtained and replaced with other 
medical instruments and/or a guide wire. 

In another embodiment of a of an entry needle 186, shown in FIG. 24, the entry needle 

5 186 is capable of sensing entry into the target calyx of a kidney 900 by sensing, for example, 
light. A fiber optic light source 188 can be inserted into the kidney 900, for example through a 
ureter 904 into the kidney 900, and can emit light. The fiber optic light source 188 can have 
other optional functions, for example, the source 188 can include a passage. 240 for delivering 
contrast dye to the kidney 900 to visualize the kidney under the fluoroscope and/or the source 

10 188 can have an inflatable balloon (not shown) for inflating and blocking dye from exiting the 
kidney 900 through the ureter 904. The entry needle 1 86 has a cannula 232 connected with a 
hub 242. Inside the cannula, a fiber optic core 236 for sensing light within the kidney 900 is 
provided. The core 236 transmits light through the cannula 232 to the hub 242. In the hub 242, 
a device 234, such as a light magnifier, magnifies the light received through the core 236 for 

15 display to a medical professional. Again, this embodiment can save time during the procedure 
because target access can be confirmed without the additional steps required by current designs. 

In another embodiment of an entry needle 190, shown in FIG. 25, the entry needle 190 is 
capable of sensing entry into the target calyx of a kidney with, for example, a chemical reaction. 
The entry needle 190 has a cannula 244 connected to a hub 246 at the proximal end of the entry 

20 needle 190. An inner needle with a cap 248 (needle portion not shown) is located within the 
cannula 244 and is selectively removable to, for example, insert a guide wire. A reaction center 
252 is located at the distal end of the cannula 224. This reaction center 252 can operate in a 
variety of manners such that a signal is produced at an indicator 250. The indicator 250 can be 
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located at one of or both of the hub 246 or the cap 248. A chemical reaction can occur at the tip 
of the needle 190 to produce a signal at the hub 246 or cap 248. For example, urine and/or 
contrast dye in the kidney could react with a substance at the tip of the needle 190 such that the 
reaction completes a circuit or allows a circuit to be completed so that an indicator 250 
illuminates with the completion of a circuit (or the device vibrates or the device makes an 
audible noise with the completion of a circuit). The reaction center 252 can be made to 
distinguish between the inside of a kidney (with such contents as urine and/or contrast dye) and 
the surrounding tissue (including blood). Alternatively, the reaction center 252 could sense an 
optical property at the tip of the needle 190, and if the optical property met a certain criterion or 
criteria, then a signal would be generated in the proximal portion of the needle 190, such as at the 
hub 246 or cap 248. For example, the needle 190 could detect light absorbance at certain 
wavelengths or reflection of high energy electromagnetic radiation pulses (e.g., laser pulses), 
with the light absorbance at a particular wavelength or the reflection of energy being indicative 
of the presence of a substance such as a contrast dye, indicating access to the target. In another 
embodiment, fluid can be drawn into the cannula, and the chemical reaction can take place 
anywhere along the length of the needle. Again, this embodiment can save time during the 
procedure because target access can be confirmed without the additional steps required by 
current designs. 

In another embodiment of an entry needle 254, shown in detail in FIGS. 42A-42C, the 
entry needle 254 can indicate entry into a target structure such as a target calyx. Now referring 
to FIG. 42A, a housing 322 contains a spring 314 surrounding a stylet 318. The stylet 3 1 8 is 
attached to a hub 3 12. A structure (not shown) may intervene between the stylet and the hub so 
that they are not in direct contact, but they are connected. The stylet 3 1 8 has an extension 328 
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(for example, a piece of material that is connected with or a unitary part of the stylet 318 and that 
may encircle all or a portion of the stylet 318) that contacts the spring 314, such that the spring 
314 is enclosed within the housing 322 and contacts the housing 322 at the proximal end of the 
housing 322 and contacts the extension 328 at a more distal position in the housing 322. The 

5 stylet 3 1 8 is disposed within a cannula 316. In this embodiment the stylet 3 1 8 is coaxially 

disposed within the cannula 316. A connector 320 is located at the proximal end of the cannula 
316 such that it seals with the cannula 316. The housing 322 has a distal portion that engages the 
connector 320. The spring 314 biases the stylet 318 and hub 312 towards the distal end of the 
entry needle 254. The stylet 3 1 8 has a blunt edge 324 at its distal end, and the cannula 3 16 has a 

10 angled edge 326 (that can be sharp) at its distal end. The angled edge 326 of the cannula 316 can 
facilitate movement through a patient's tissue. When the entry needle 254 is inserted into tissue, 
the stylet 3 18 is pushed towards the proximal end of the entry needle 254 by the tissue (shown in 
FIG. 42B). Due to resistance from the tissue against the stylet 21 8, the spring 314 is compressed 
as the extension 328 is pushed proximally along with the rest of the stylet 318. Additionally, as 

15 the stylet 3 1 8 is pushed distally, the hub 312 raises from the housing 322 in a proximal direction, 
indicating the presence of tissue at the distal end of the entry needle 254. Additionally, as shown 
in FIG. 42C, the housing 320, stylet 318, and hub 312, as an assembly, can be removed from the 
cannula 216 and connector 320. Removal can occur, for example, when the cannula 216 is 
desired to be connected to a syringe (not shown) to sample fluids at the distal tip of the cannula 

20 326 and/or when a guide wire is to be inserted through the cannula 316. 

One example of operation of the entry needle 254 is shown in FIGS. 44A-44D and FIG. 
45. In FIG. 42A, the entry needle 254 is inserted through a patient's skin 908 and into the kidney 
900. The resistance from the patient's tissue causes the stylet 3 1 8 to move proximally, 
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compresses the spring 314, and raises the hub 312. FIG. 45 shows an enlarged view of the 
position shown in FIG. 44A with the entry needle 254 held by a medical professional 1001 . As 
the entry needle 254 enters the target calyx 902 (characterized by an absence of dense tissue such 
as that surrounding the target calyx 902) in the kidney 900, the spring 3 14 decompresses in the 

5 absence of resistance from the patient's tissue. The stylet 3 1 8 moves distally and the hub 3 1 2 
lowers, indicating entry into the target calyx 902. The entry needle 254 would work in most 
instances where the target is a cavity or void. The blunt edge of the stylet 3 1 8 in this 
embodiment is an added measure of safety because when the stylet 318 extends distally, if there 
is any inadvertent contact with tissue within the calyx, the contact will be relatively benign due 

10 to the blunt edge. Once entry occurs, the stylet 318, hub 312, and housing 322, as an assembly, 
are removed from the connector 322 and cannula 316 (FIG. 44C), leaving the connector 322 and 
cannula 316 behind as an assembly (FIG. 44D). The cannula 316 is still located in the target 
calyx 902, and, optionally, a syringe (not shown) can be attached to the connector 322 to sample 
fluid at the tip of the cannula 3 16 to confirm entry into the target calyx 902. Alternatively, a 

15 guide wire can be placed through the cannula 3 1 6 into the target calyx 902. The entry needle 
254 also can be used in conjunction with a needle guiding apparatus, for example, as shown in 
FIG. 31. The entry needle 254 would indicate access to the target calyx 902 in the manner 
described above, but would be targeted using a needle guiding apparatus. This combination can 
further reduce the procedure time because not only is accuracy and ease of entry needle 

20 placement increased with needle guiding apparatus according to the invention, but also 

confirmation of access into the target calyx is simplified, for example, by viewing the raising and 
lowering of the hub of the entry needle according to the invention. 
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In an alternative embodiment of the entry needle 254 shown in FIGS. 42A-42C, an entry 
needle 330 with a different distal end configuration is shown in FIGS. 43A-43C. The entry 
needle 330 has the same components as the entry needle 254 shown in FIGS. 42A-42C except 
that the distal end of the stylet 3 1 8 has an angled edge 332 and the distal end of the cannula 3 1 6 

5 has a blunt edge 334. The angled edge 332 of the stylet 318 can be sharp to facilitate movement 
of the stylet 3 1 8 through a patient's tissue. Referring to FIG. 43 A, the entry needle 330 is in a 
starting position similar to that shown in FIG. 42A. As shown in FIG. 43B, as the stylet 3 1 8 is 
pushed through tissue, the stylet 31 8 is pushed towards the proximal end of. the device 330, the 
spring 3 14 is compressed, and the hub 312 raises, indicating that the tip of the device 330 is in a 

10 more dense tissue. However, the entry needle 330 is designed such that the stylet 3 1 8 does not 
retract fully into the cannula 3 1 8 (as it does in the embodiment shown in FIG. 42B). Thus, the 
angled edge 332 of the stylet 318 is exposed to tissue as the device 330 is inserted into a patient. 
When the entry needle 330 enters a cavity, such as a target calyx, the spring 314 decompresses, 
the stylet 318 moves towards the distal end of the entry needle 330, and the hub 312 lowers, 

15 indicating entry into the cavity. The hub 312, housing 322, and stylet 3 1 8 can be removed as an 
assembly from the cannula 316 and connector 320, as shown in FIG. 43C. The cannula 316 and 
connector 320 are left behind as an assembly, positioned within the patient. A syringe (not 
shown) optionally can be attached to the connector 320 to withdraw fluids and confirm access to 
the target, and/or a guide wire can be inserted down the cannula 316. The entry needle 330 can 

20 be useful in situations besides gaining access to the kidney or other cavities including procedures 
to gain access to cardiovascular system vessels. The indicator hub 312 would indicate access 
into a vessel without blood being ejected from the patient, and a guide wire could be inserted. 
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Any of the entry needles according to the invention, in addition to other entry needles not 
specifically described herein, are useable with needle guiding apparatus according to the 
invention. 

Variations, modifications, and other implementations of what is described herein will 
5 occur to those of ordinary skill in the art without departing from the spirit and the scope of the 
invention as claimed. Accordingly, the invention is to be defined not by the preceding 
illustrative description but instead by the spirit and scope of the following claims. 

What is claimed is: 



